P eripherally inserted central catheters (PICCs) are being used increasingly in acute care settings to overcome risks associated with non-tunneled multiple-lumen central venous catheters (CVCs). 1 PICCs also provide prolonged intravenous access. 1 Few studies addressing PICC-associated bloodstream infections (BSIs) in hospital settings are available; 1 and one study questioned the trend toward using PICCs, instead of tunneled catheters and ports, to decrease central line-associated BSI (CLABSI). 1 Another study concluded that CVCs and PICCs had similar rates of CLABSIs providing the presence of active surveillance and intervention to remove unnecessary or high-risk CVCs. 2 In this study, we analyzed the rate of BSI related to PICC in an acute care setting. In addition, the objective of the this study was to compare CLABSI rates in patients with PICCs in the hospital setting in 
METHODS
The main aim of this study was to report the incidence density of BSI in hospitalized patients with PICC lines during a 1-year period from January Central line insertion sites were dressed with a transparent semipermeable membrane and were changed every 7 days or when the dressing integrity has been compromised. Chlorhexidine gluconate 2% solutions were used to cleanse the site before insertion and with each dressing changes and site care. The PICC line duration was defined as days from line insertion until the development of CLABSI or until the removal of the PICC line once the line was no longer needed, whichever was shorter. The first CLABSI was included for a patient who developed multiple CLABSIs from the same PICC line. The data were collected as a part of the daily activity of the infection control staff. The infection control practitioner prospectively identified CLABSIs according to the Centers for Disease Control and Prevention' s National Healthcare Safety Network (NHSN) definition for CLABSI. 5 CLABSI was defined as the clinical manifestation of bacteremia occurring in the absence of an apparent source of infection other than the catheter, with or without isolation of the same pathogen from the involved catheter and from blood cultures. 5, 6 The list of patients with PICC lines was obtained from the interventional radiology section. The infection preventionists reviewed both electronic and paper medical records for the development of BSI. In addition, we collected data on gender, age, date of PICC line insertion, date of the development of BSI, and date of PICC line removal. PICC line-associated BSI was defined as a primary BSI in a patient with PICC who met the NNIS (currently known as NHSN) criteria for CLABSI. 6 The incidence density of CLABSI was expressed per 1000 device-days and was calculated as the number of CLABSI divided by the total number of PICC linedays. Statistical analyses were performed using SPSS version 10.0 (IBM Corp., Armonk, NY USA). The trend of BSI rates over time was determined using the linear trend analysis method, and to show that a trend was statistically valid, the P value of the c 2 for association had to be significant (<.05). For multiple comparisons, we performed Bonferroni correction to the level of significance based on multiple comparison proportion tests. Thus, we accepted t tests as being significant only if the P value was <.008.
RESULTS
During the study period, 92 PICC lines were inserted with a total of 3336 device-days of prospective surveillance. The most frequent reason for the insertion of the PICC lines were chemotherapy (n=19, 20.7%), intravenous antimicrobial therapy (n=34, 37%), and for patients in the medical ICU (n=16, 17.4%). The mean and median duration of PICC utilization were 36.3 and 22.0 days, respectively. The overall BSI rate was 4.5/1000 PICC days. The PICC line-associated BSI rates for specific indications are shown in (Table 1 ) (P<.001). PICC lines were used mainly for TPN in 12 cases with a total of 413 device-days and an infection density of 2.4/1000 PICC line-days. The rates were not adjusted for patient severity of illness; however, the rate of CLABSI seemed to show a 2-peak curve in relation to the duration of the PICC line (Figure 1) . The data did not show a linear trend (c 2 value for the rates over 
DISCUSSION
Traditionally, CVCs are used as venous access in the ICU setting, but the use of PICCs is becoming more popular in ICUs. 8 PICCs were thought to be associated with a lower risk of BSI. The lower risk is related to the exit site on the arm, making it less prone to contamination by nasal and oral secretions. 9 In that analysis, including 48 articles published between 1979 and 2004, no clear evidence was available that PICCs were superior to CVC in acute care settings. In a meta-analysis, it was concluded that there was no difference in the infectious complications between CVC and PICC lines. The rates of CLABSIs were 1.2 to 14.7 per 1000 catheterdays for CVC and 1.1 to 2.5 per 1000 catheter-days for PICC. 10 Many factors may contribute to the development of CLABSI. Host-related risk factors include age, immunity, and severity of the underlying disease. 2 In this study, we found that the highest risk of CLABSI was in patients with malignancy with a rate of 6.6/1000 device-days. Similarly, in a previous study of PICCrelated complications in oncology patients, the rate of BSI was 5.7%. 11 In a pediatric study of PICC lines in oncology patients, the incidence density of CLABSI was 0.42 per 1000 catheter-days. 12 The reported incidence of PICC-associated BSI ranges from 0.46 to 3.4 per 1000 catheter-days. [13] [14] [15] [16] [17] [18] It was reported that the rate of BSI was relatively low in TPN patients compared with the rate of BSI in ICU patients and patients receiving chemotherapy. In a retrospective study of PICC line infections, there was no BSI in adult inpatients when catheters were used exclusively for TPN.
19 The patient' s disease is an important factor in the predisposition to BSI. For example, patients with lymphomas and acute leukemias are usually at higher risk. 20, 21 In addition, this observation may be related to the number of times those lines were accessed daily. Adjusting the BSI rate to the number of times a PICC line is accessed may provide a better estimate of the risk. This adjustment may reflect the risk related to catheter hub and lumen contamination for catheters used for longer durations. 22 We found a bimodal increase in the infection rate over time. In a study of the rate of hospital-wide PICC line infections, the rate of BSI was 2.1/1000 catheterdays in patients with catheters in place for 1 to 5 days, compared with 10.2/1000 catheter-days in patients with catheters in place for 16 to 30 days. 23 Similarly, a bimodal increase in the rate of PICC-associated BSI was observed in neonates with PICC lines. 24 These differences are likely related to the study population or the small number in the included study.
It is important to mention some limitations of our study. Although only professional nurses care for central PICC lines, we did not evaluate the level of education of those providing care. Second, we included only the rate of PICC-associated BSI in this study. However, the rate of PICC-associated BSI was about half the rate of CVC-associated BSI that was published from the same institute previously (4.5 compared with 8.2/1000 device-days). 4 It is worth noting that the CLABSI rate was zero for the first 10 days indicating that CLABSI is not related to placement, but more to line access. Unfortunately, the numbers are small, and the study had insufficient power to study this point. A confounder that may not have been addressed is that different patient populations were using PICCs for different durations. So, it could be that those who had the PICC for a shorter period of time have higher acuity/severity of illness and they may have had more access to the PICC per day compared with those on intravenous antibiotics that may have access once a day. In addition, we cannot extrapolate from the findings the risks for PICC-BSI. We did not look at other factors including the duration of stay in the hospital, use of steroids, and transfusions. Without adjusting for severity of illness or having a large cohort, it may be difficult to generalize from the data.
In conclusion, our data suggest that underlying conditions such as malignancy and TPN may play an important role in the development of BSI. The use of PICCs to reduce CLABSI is thought be a nonevidence-based strategy. 25 In a recent study, the incidence rates of BSI were 6.0/1000 catheter-days for CVCs and 2.2/1000 for PICCs. 26 Thus, understanding factors contributing to the development of PICC associated BSI is important to further decrease the rates of BSI.
